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SIGNS!, TRANSMISSION SYSTEM FOR - A TRIQSES -PROBE . .< • » 

• ■ • • •-.•»*. 

, ■ • * : ' ■ »' \ 'I 
This invention relates tD probes for 'ttjae' on machines 

which determine a position of ,a workpieoe> such as a '. 

coordinate measuring machine or machine; tool., . More , ; % * 

particularly, it relates to signal .transmission systems \' a \ 

for such, probes . ■ > ► ; > ■ 



A trigger probe for such purposes is yiepcribed m US 



10 Patent No. 4,153,998, In 'use, thfe prtfbp ie* moved by 
the machine relative to a workpiece.* ,The probe has a 
deflectable stylus and delivers f. tiricrgez? B>ignal when 
the stylus contacts the wprkpiece,'. . The'. .trigger signal 
is indicated by the probe switching ^firota one state to 

15 another. The trigger signal is >is3d by *machine 

controller to freeze the outputs' .of ''©daises or other 

measuring means which indicate the /position of the 

probe. The position of the point of ^qorit^ct 'on the 

* * i * • » 
workpiece surface can thus be determined,?' 



.r 



Especially on machine tools # it can be ^if f iault to 
wirs the probe directly to the machine .controller, and 
so various wireless signal transmission .systems have 
been developed in the prior art v These -include 

25 inductive systems (where the signal is transmitted by 

electromagnetic induction between two doijls) , . optical . (( X 
systems (where an optical emi^te^ such ;as 4 n infra-red 
diode is provided on the probe and ; produces . an optical 
signal which is received by an app£opri.atfe receiver) 

30 and radio systems (having a radio transmitter in the 
probe and a radio receiver fixed at a qonvfcttient 
location on the machine) „ An example df a radio system 
is shown in US Patent No. 4 , 119,, 87 1 . 1 . important 
requirement of such probes is repeatability, i.e. that 



23-DEC-2002 13*28 FROM RENISHflU PLC TO g01633Hl**=W 



i 



20 



the **** result should be achieved every! ^ime .a given 
measurement is repeated. The Wchaiiieal position of 
the Stylus in the probes Ascribed fn.V* f»tfenfc No. 
4,153,998 is extremely repeatable' in- space,- an instant 
5 of production of the trigger signal always, fop a 

definite, repeatable relationship with, the instant of 
contact between the stylus and the Workp^ece.. This 
means that accurate results can be obtained* from the 
probe by a simple calibration procedure- • • . ' 

t • » * t 

10 \ ' • * • 

However, the accuracy would be destroyed WT the signal 

transmission system were not repeatable;,, that [is, if 
there were an unknown, variable delay, .i> the .signal 
transmission. If this occurs then "the probe .would 
15 travel an unknown variable distance; after' the instant 
of generation of the trigger sign*-! be f ! pr.e ithe machine 
control is able to freeze the outputs .-ok the measuring 
means- There is then an error- between .position of 
contact and the position indicated , by. .the, .frozen 
outputs and this error is an unknown Variable quantity 
which cannot be removed by calibration.' . Thus, in order 
to maintain overall accuracy of the probe system there 
is the problem of ensuring that any transmissions 
delays introduced by the 'signal tranMm±4s.ion system ^ 
repeatable i.e. the same delay, should 'be .introduced 
every time t he probe is. triggered. The probe, 
calibration procedure mentioned ab6ve will -then also 
remove this repeatable delay caused by 'tbm " transmission 
system. 

• i , « 

US Patent No- 5,279,042 discloses. an analogue radio 
signal transmission system for a probe . in which the 
probe is "provided with a transmitter ;for .pt od:iicin 9 a 
carrier signal onto whicb a probe signal' may' be 



30 
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modulated. - A receiver receives the: 'probe . data and 

produces a probe output signal derived from taie 

transmitter data. A clock on »the* trahamitfcjbr provides 

a time standard for the whole system, • tfie' Srboeiver uses 

5 an oscillator with a phase comparator' ak its 'input to 

ensure that the oscillator is permanently -s^chronised 

with a clock in the tranamitter ■ When k probe signal 

occurs, the time elapsed between' the start pf a counter 

cycle and the change of state of i the profce , latched 

• * * » 1 > * 
10 in a shift register and transmitted serially- 



- 1 



/ 1 • 



, 4 



This method has the disadvantage that? ajs 'the . . 
transmitter transmits a continuous ( signal which is J 
required to synchronise • the transmitter arid % receiver 
15 the system uses a significant . proporfcidn of 1?he probe 
battery power and thus reduces the t battery <life. 



» 'It* 



Furthermore t in a fixed frequency eystefm, the' number of 
available communication channels la equai-to^the 
20 limited number of frequency channels. .There, is 

therefore the problem of. receivers from jotlier systems 
which use this frequency channel* intercepting* the 
transmission sent from the prpbe'. In .addition, the 

presence of radio traffic may* affect [th^ ^transmissions. 

%*»»'» 

25 . • i < t 

' ■ * !* * r 

The present invention provides a 'transmission* system ' I ' /'--v- 

for a touch trigger probe for a position * determination \\ 

machine comprising: : , < 

a first station for mounting with the .probe and a 

30 second station for mounting on' the maahine; 

wherein both the first and second ;£tfatipns hop 

between a series of different frequency channels; 

» » ' * » * 

and wherein the first station' transmits" a periodic 
signa-1 at its current frequency .and wherein if the 



» % - » ^ 
i i, 
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second station receives the signal It. vW>V-chron,se 
with the first station, and therein: in. *he event of a . 
touch trigger event the first station toy' transmit an 
additional signal which includes data relating to the 
time of the touch trigger event and vrhsrein. the second 
station is provided with means for receiving *axd .data 
representing the time and producing ai probe' output 
signal derived therefrom. . 

The hopping between frequency ' channels has the 
advantage of reducing the chance of ****** receivers 
intercepting a transmission, increasing, the qhance of a 
transmission getting through to the ^correct receiver m 
the presence of unwanted radio. traffics. . 

The use of a periodic signal rather bhaii a Continuous 
signal increases battery life- / < / ' ' 

* * 

If the second station receives the .signal .transmitted 
20 by the first station, it may transmit . an ' , 

acknowledgement signal. If the first .station does not 
receive an acknowledgement signal in Jrespdiise to its 
signal, it will re-transmit said sigiial. -The ability 
to re-transmit messages which have v not -been received 
25 enables the system to be capable of operating, in a 
noisy environment. 

# * « i 

Preferably the transmission system f comprises, a half 
duplex link, j • * 

30 * • • , . . 

in the second station, the prbbe .output signa?. is 



produced after a time delay. .This 
so that it is long enough to allow 
the signal, within the time dislay. 



time delay is chosen 
retransmissions ot 
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A master clock is provided at, one ep4;af'the 
transmission system and a sliding correlator as 
provided at the other end to recover the master clock. 
This provides a reference for the* probe trigger time 
delay. Preferably the acknowledgement' signal sent to 
the probe station is synchronised Wi^h' thfe waster 
clock. This' removes the need for clock Recovery at the - 
first station , . - t \ /' • ». J , 



} » 



i ; t » 



10 In a preferred embodiment, data bite reining to more . / * 
important information are provided toijth: gp*ater error 
protection than other data bite. • Ifce* dkt£ bits 
relating to more important information may be provided //.V 

with a higher hamming distance than , other* cLat a bits. . 

. • ' 4 » 

Preferably, the first station has a standby; -mode, in ..,■.*,**£* 
which the periodic signals are sent at, p. Blower rate 
than in its normal mode, and wherein each*, periodic , ' • 

signal asks if the first station phQuld* turn on, and 
herein if the first station receives, an affirmative 
response r it turns on. This minimises pfower 
consumption and is sufficient to allow ,the jaeeond 
station to maintain synchronisation with the .first 



• .' . J 

w • * • 

"i * , 

* • * * 



station. : : , \ * 

25 • i » } ■ 

Preferably, if the first and second stations are not 
synchronised, the first and second stations will hop • * *\j,V 

between frequency channels at. different rates until * % - 

second station receives the signal .arid ^synchronises 

» • , 

30 with the first station. If the second station* detects 
background noise above a predetermined 'level on the 
selected frequency channel r it will c han 9" e . to ' a 
different frequency channel. 
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Preferred embodiments of the present i*Wion will now 
. be described by way of exatnple with re;f ereroe to the 
accompanying drawings wherein: .' . . : , 

Fig l illustrates a touch triggejr prptte counted on 

5 a machine tool; 

Fig 2 is a schematic illustratioSn t£e frequency 
hopping and synchronisation of the -fife*! W .second 

stations ; . - ' ■ ' 

Fig 3 is a schematic illustration Whow^ng lost 

10 hops and event interruptions; • 

Fig 4 is a schematic illustration shewing a prpbe 
trigger and delay counters? • ' ^ ' 

Fig 5 is a schematic illustration Rowing 
synchronisation recovery; and > ( 

Fig 6 is a schematic illustration \ot the sliding 
correlator in the machine station^ . ' - ,• 

Fig i illustrates a touch trigger pro^e.10 mounted on a 
spindle 12 of a machine-tool.' the touch, jigger probe. 
10 has a deflectable stylus 14 witi a worlspiece- 
contacting tip 16. The signal transmission system 
comprises two stations, the probe station 18 • is 
connected to the touch trigger probe and ; ±s mounted to 
a moving part of the machine tool. A'machine' station 
20 is mounted on a stationary pufet 22 . o£ (the I machine 
tool structure and is Connected to 'the machine tool 

» 

controller 24 . * - ' « ; ; 

• » « * 

Data is transmitted between the .probe station IB and 
30 machine station 20 using a frequent-hopping; radio 

communications link, which sends discrete packages of 
serial binary data. * • 

Both the .probe and machine stations hop betwben 
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. . . 

. ; . : .•<••"> 
, > ». *» * 

• • - : . : ' • ' ;•' 

7 • - 

different frequency channels* roughly i?V syjach^onisatipn . 
with each other with occasional messages; ?er\f between ' '/ : 

them to synchronise the two stations.. The probe 

station initiates each exchange of 'mebsa^e^ -and \*\ 

5 receives a reply from the machine station'. . . % V 

• » . i * > 

' » l • • • % *t . 

' ; ' ■ . f - • % 

The frequency- hopping and synchronisation' will no^ be • * 

described in more detail with'ref er.enee, to iFi'g 2. The .;)«7/ 

machine station ia listening f or; mees&gk's yriost of the 

10 time whilst the probe station is in , its' half -on ' 

condition most of the time (e:g. as^ii ^Iptfl f u+l to n+3 ; '. 

above) . When the probe station is 'haifS-ok its probe '•.•'•J' 

interface and microprocessor will be cpEV ',a«td 4-^ e radio 

modem will be off. The probe' infcerfarcej and . 

15 microprocessor each use about 2mW of £o?wjer< whilst the 

radio modem usee significantly mor4 ' power,, .about i20mW 

when switched on. The radio modem consumes a. similar 

amount of power whether it is rebel ving l cfr * * 

transmitting. The half -on State* thus np.ni,up.ses power 

20 consumption of the battery powerbd pEofcfe 'system. 



» r * , , r i 

Fig 2 shows the probe station turning .cp -with, a small 
settling time and then transmitting- an j'^'m OK" message 
on frequency channsl f (n) . The probe; station' then 



r ' J' 

i • • 
*** » 



25 listens for the acknowledgement ;£rpm ; thfe ^machine 

•* , y 

station. The machine station which is listening on /\i * 

channel f (n) receives this message, synchronises its ' * • 

clock with the probe station land then ^end? an .? 
acknowledgement back on channel f(n). Upon' receiving 
3 0 this acknowledgement the probe station .switches back to 
its half -on condition. . The probe station clock 
therefore acts as the master clock for the system. 

'The probe station is now silent .for* a- number- of time 



s 
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slots (assuming there axe no probe tr^geraV and the 
machine station listens on successive 'frequency 
channels fCn+l), f(w2) etc. Fig 2 shcVe; a* • 
exaggerated error in clocks between. the; prpbe and 
machine stations. This error is small j^iagh to allow 
the stations to remain synchronised- to the brder of 100 
silent time slots and is corrected, each* 44m 1 the 
machine station receives a message _ from : the; probe 

• , • • 

station. . . • 

■ « 

'for clarity Pig 2 only shows three ;.s:geh^ slots and 
thus three frequency^ hops are ; unused.; The periodic 
timer then prompts the probe station to itirahsmit again 
on f (n+4) and this cycle then- repeats, i#X#X Interrupted 
by some other event (e.g. a lost; transTn'is^on. a probe 
trigger or a probe station turn-off , Signal);. , ' 

*. •••: ' 

Transmissions from the. probe station .may -not -be 
received by the machine statioh due to Ifor ;example 
interference. Such a situation willow b,e .described 
with reference to Fig 3. In F'ig. 3 settling -time is not 
shown and the effects of synchronisation *©f clocks and 
hopping between the probe station and maqhine station 
is aaautned. * t * ] , ; 

25 ; / . 

The transmitted radio packet from the ^ probe, station 
includes probe data . For example, . the ".probe - may be 
seated (S) or the probe may hkve triggered' (T) . Other 
information may also be transmitted in 'the radio 
30 packet, for example the condition of the battery, how 

many transmissions have been attempted -for this message 
and data relating to the time of a touch "trigger event. 

In time slot n a. successful message from' the- probe 
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station and reply from the machine fetation-, • all on 

frequency channel f (n) is shown- This; ponf ittns that 

both the probe station and radio link' are* operating and 

that the output from the machine station cab be 

> 

5 trusted. ' . . * 

: • ! • 

In time slot nl the probe station transmits- a message, 
the machine station receives this message, land sends an 
acknowledgement. However the probe station? does not 
10 receive this reply for example • due .toj 'interference . 

. • * ' 

As no acknowledgement is received tfcefprbba. station 
will re-transmit the message in the next t.ime slot 
nl+1. Fig 3 shows the re-transmission-b-f: the 'message 
15 from the probe station in time, slot n*+i..'. powever. as 
the machine station receives nothing, it does not send 
an acknowledgement. The probe station yfilX therefore 
receive no message and so will re -t ransit 'the message 

* ' I , 

in slot: ixi+2 . , ' • , ' ' 

»*'*'• 

.20 ,. ».».*.• : 

In time slot nl+2 everything works. .Thje jtjacb^ne 
station receives the probe station .message ,and the 
probe station receives the machine < station >. •. 
acknowledgement. The probe station. can "tlieref ore 
25 return to its half-on condition with jits iradio modem 
off . • • 1 % , 

* I * 
» 1 » 

if however after a predetermined time the machine 
station does not receive the message from the. probe 
30 station then either the radio; link' or the pribe station 
has failed and the machine station will set an error 
output. . » ' 

* * * * \ * 

For tiie first transmission of a message/ a 'normal radio 



i 



11 f. 



1 • 



* »!»» . » 
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frequency power level is used, for examg)!^ Imfa. On 
subsequent re -transmissions, the 'radio p-^quericy power 
level may be increased, thus increasing; the .chance that 
the message will get through* » , , 

5 : i . 

As there is the opportunity of re-trai^na^9ibn at a 
higher radio frequency power, this enables a- 'slightly 
lower radio frequency poorer to % be: used fibjc. normal 
transmissions. This has the advantage of » Tti-Ln ; imising 
10 radio traffic and extending battery lif?-; 

• * * * 

' , i • 1 

In time slot n2 in Fig 3', a probe fei?igg£r \ippdurs * An 
out Of sequence transmission must bq sent • by the probe 
station to the machine station as^oon/a's frbeSible. 

15 The probe station transmits a probe 'tr.iggfer message to 
the machine station in the next time plot's 'hk+l . As 
before, the machine station acknowledges the -message. 
A probe trigger message outranks * the periodic* .update 
and thus when a probe trigger .occurs data relating to 

2 0 the probe trigger will be included 'in the data packet 
sent in the next transmission. , } - , 

As illustrated in Pig 4, when ^ probe ^tjSLggfer occurs a 
timer in the probe begins counting frojn* eerp. The 
25 value of this timer tl is latched at the- be^nnixig of 
the next time slot n+1. This -value tl« is transmitted 
from the probe station to the machine statipn in a 
transmission in the next time slot <n+l . , . ' 

30 The .machine station decodes this 'vatlue' t'll fkora the 

transmitted message and computes a .valufe pk-tfl where tk 
is a constant. The machine station 'loacisf itfs own 
countdown counter with the value ;tk-tl> At>. the end of 
the time slot n+1 the countdown counter' is tetiarted and 



1 / • 
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when it reaches zero the probe status output .changes to 
triggered. • - , ' 



i « 



The time delay between the probe trigger and the 
machine station probe output will, therefore; be 
tl+te+tk-tl = ts+tk, where ts is -the time b£ ^ne time 
slot, This value ts+tk is constant-; jrhe delay 
between probe trigger and machine gbaticfri £robe output 
is therefore always the same* ( 



v. 



I« * 



) 

'. f 



The time constant tk is selected, to allow, 're- ' 
transmission of the message if the ficst? transmission 
(i.e. in time slot n+1) fails'. Injpig '4>,. time slots 
n+2,n+3 and n+4 are available for r©-tw*nBmiesion of 

IS the probe trigger message. Tor a retransmission a . ;^ : '? 

correction is applied to tk-tl equal to the time taken 'A 
by the number of unsucceesf ul • transmiissiqne , This ' 
correction will be the number of retries done 
multiplied by the length of a single tfime dlot. The 

20 message transmitted by the probe sfeatjioii wilX ' include \"f'\; 
data which indicates which try it i& ^Iflti **2nd f 3rd, ■ ^ /. 

etc) . Alternatively the probe station 'can .(re-) latch 
the probe station counter at the begiiining ,0f * each time ^ ^ 

slot in which a message will be sent.. (Tlka ■ Value ' 

25 will be tl + ts for a message sent • in 'slot; ;n+2 , tl + w v . • 

2*ts for a message sent in slot n+3 and ,$o on:) Thus * 
whichever time slot the message is .successfully 
transmitted in, the total time del^y will be* constant 
(=ts+tk> between the probe trigger * and >the ,« machine y; 

30 station probe status output. 

For the probe station and machine station to- * - 

communiaate they must 'both be, set to *the 'game; £ regency 
channel at the- sama time. To' achieve this 'the probe 
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station frequency channel controller and prip machine 
station frequency channel controller must- be ; ' 
synchronised. This is achieved by a synchrqnisation 
recovery/ find and collect process- des'cribfed below with 
5 reference to Pig 5 . 

; • 

i 

* « i * 

The probe station is shown hopping between, frequency 
channels at normal speed (e.g. one 'hctf .millisecond) 
and the machine station is Bhown hopping at: a ranch 

10 slower speed (e.g. one hop per 50 milliseconda) . The 
probe station transmits in every time slot (n;n+l,n+2 
etc) and then listens for a reply before- hopping to the 
next time slot. The probe station ;transm^eision 
contains the ID number of the probe . aJnd innliides a 

IS request for synchronisation and aclpiowl^dge^nent of the 
message. The machine station, listens, 'fpr many probe 
station time slots and occasionally .change^ t?o a 
different frequency channel. In time* port's n,n+l and 
n+2 in Pig 5 the probe station i* shojwri 'transmitting on 

20 successive different frequency channels;' 'whilst the 
machine station listens. However ^hil«hi tfte -tjiachine 
station is on a different frequency channel • to the 
probe station it receives nothing.' ; »' 

*...:/»' 

25 In time slot nl-4 the machine', station is .slio^in hopping 
to a new frequency. Meanwhile, the prcjbe Statlpn 
continues hopping frequency channels .and transmitting, 
in slot nl the probe station and the machine station 
are on the same frequency channel and the) machine 

30 station hears- the message from the -probe station and 
synchronises its time slot clock to the probe station. 
The machine station is now synchronised .with' the probe 
station and a periodic handshake to maintain . 
synchronisation can now occur. The machine station 



c 
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• » 

acknowledges the message from the. prob^ * &ta*ion i*t the 
time slot nl . 

Usually the acknowledge message from the -machine t 
5 station will be received by the probe station. However 
Fig 5 illustrates what happens if the probe* statipn 
fails to hear the acknowledgement'. Ion time* slot 'nil the 

machine station transmits an acknowledgement but 

• * * » * 

although the probe station is listening it does not 
10 receive the acknowledgement. The ! probe' station hops to 
the next time slot ni+l and again transmits -its . 
message. As the machine station is synchronised it 
will be listening on the correct frequency ;channel in 
time slot nl+1 and will thus hear tWej mesjs^ge from the 
'15 probe station. The machine station will ^jrochronlee 

its clock again and will acknowledge* *t$k .message/ again - 
The probe station message in slot' nl+1 \ is ; effectively a 
re-transmi©*ion as shown in Pig 3V ; 

20 During the process of syncfrroriisabiop recovery,; if the 
machine station hears significant m^ae on'a certain 
frequency channel, it will immediately ' hpp ftQ another 
frequency channel rather than wait op. tji^ frequency 
channel where background noise may Bwamp any 

25 transmission from the probe station.' 

' ' « 

It is desirable to be able to turn on the grobe station 
via a radio message from the machine' 'station. .Whilst 
waiting for this radio turn-on the> probe station is in 
30 its radio standby mode in which it oonstimes, t 

substantially less battery power than when.it is in its 
operating mode . 

The probe station radio standby mpde is' similar to the 



•v. y 



* » 

• ' s. 



» ' '** 
« . ' - t 
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periodic update, although the .time elpta may be wider 
and the cycle* time longer, i.e. slow hopple© between 
-frequency channels. 

Most of the time the data exchange ,will consist of the 
probe station transmitting, its., ID- member- and >sking it 
if should be [turned on, whilst the machine station 
replies that it is not needed! As 'with .the operating 
mode the machine station is synchronised, to the probe 
station during this exchangs. If the prop* station 
does not receive an acknowledgement . frojn the ^machine 
station it will re-try to transmit the message in 
subsequent time slots in different 'frequency -channels. 

If it is required to turn-on the probe -Station, the 
machine station will reply "tumi-on" and change to 
operating mode. The probe station > will' /then .switch to 
the operating mode . In the operating -mode the machine 
station will 'maintain synchronisation wfrth ( the probe 
station as described above. 

Turn-off will require, an exchange of ;rteesages . as the 
turn-off request may Come from- the machine iBtation or 
alternatively from the probe station ; (for, [example a 
time out) . Following turn-off both prdb3 .and. machine 
stations will return the synchronised slow 'hopping 
described above. < 

* * , ^ 

, > 

' As discussed earlier, the radio signals '-between the 
probe and machine stations consist of .message packets 
of serial binary data. Each message ^contains a header 
which includes probe station identity data* or address, 
needed to enable the machine station receiver, to 
recognise whether the message is intended for that 
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receive and to synchronise aclbck In the machine 
station to the probe Btation. clock. • , » • f . 

The machine station uses a correlator to? recognise the 
5 incoming message header. • . * 

Fig 6 illustrates the sliding" correlaWt used in the 
machine station. A radio frequency* receiver land de- 
modulator 2 5 receive radio signals transmitted from the 
10 probe station and output a serial stream of received 
data into a large shift register 28; 1 • 

On each pulse of an overeampling clock 30 / the incoming 
serial data stream is sampled and its vwlj» (l ox 0} is 
loaded into the shift register 28 . ' ' s^mu^anebusly the 
contents of the register are shifted 'ripht ;.l .bit, the 
last bit being shifted 4 off the end' and Host; 



A target word is held in a separate target .register 32. 
The entire shift register contents aire, 'continuously, 
in parallel, bit to bit compared' with -the' ; target 
register contents by an array of exclusive -tor ; (EOR) 
gates 34. One EOR gate is used per bit 'd£ jthe shift 
register and the outputs of the EOR-ga^es^are added at 
an Adder 3 6 to determine the number of bit -matches 



The target word is programmable, thus t>e; correlator 



<>■:■>: 

V- '. '"i 

'*? •>• 
• .. *- 



* t • * I 



\ \ \ « 

* • . ) 

AS 



detected. . . • M ' : • > /*' 

The number of bit matches detected is then f^d to a .*/ - ; 

comparator 36, where it is compared- with the .required , \, 
30 number of matches threshold 46, whiph is typically 

greater than 95%, to determine the 'correlation detected . 
binary output 42 . . ' • . . 
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can be set to detect different 'desired bit sequences. 
In particular, • the target word* 1b eet .to the '.expected 
header sequence which will be sent f rdm the* transmitte 
(i.e. the acquired partner probe, etatfori) . 



In a typical system the header could be .a* 3& -bit word 
with a data rate of 1 bit / ndcrbsedpndL .The 1 
over sampling clock might run at 10 times' fcfye ,data rate, 
i.e. 10MHz and the threshold could be 9S% i :matph. Thus 

10 the shift register would contain 10.x 32 = :330 

* * * > • 

flip-flops, and the EOR gate array woul£ contain 320 
EOR gates, The outputs of the' 32*0 EQR "gates 'ttoiild be 
fed to the adder, which would' output a toumlier between 0 
and 320 to the conqparator. To achieve ja »95fr'or better* 

15 match, the threshold would be" set' at '3£0 :£,0„95 = 304 
bite. Thus if 304 or more bite in f the shift register 
matched their targets from the target 'wdtfd, the 
correlation detected output will be True,, .Otherwise it 
will be False. This test 'is done aAd;t^he correlation 

20 detected output updated on every pulse of the 
. oversampling clock, i_e. every LOO \ nanoseconds . 

The advantage of this system is that >£l;oc{k , recovery is 
only required at one end of the half 'duplex link. The 

25 master clock is provided at the px-obe station-. At the 
machine- station, the sliding correlator is i>sed to 
recover the clock data from the njessages -transmitted 
from the probe station. The sliding correlator provides 
a reference for the probe trigger time .delay and allows 

3 0 acknowledgement messages to be' sent already , 

synchronised, thus removing the need for 'clock recovery 
at the master end of the link % (i.e^ at % the ' probe 
station) , - 
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tfhere are two main types of possible oor^c'elator errors, 
The correlator may fail to identify'; a. transmitted 
message, described above or a correlator, taay 'report a 
match when no message has been transmitted-' 



If the machine station falsely believes; ,t3h£*fc : it has * w \yi 



received a message from the probe dtaticfri:# vthis will 
result in loss of the synchronisation -of tl^e machine 
station clock, failure of the rsdrio link :ar*d.an error 

10 message being produced. The prpbe station only listens 
for a machine station acknowledgement immediately after 
it has sent a message and the machine station 
acknowledgement is thus expected witliin .a ^ety narrow 
timeelot. * * 1 

15 , ; • ' * ' 

When in the operating mode, a failtxrQ .will ; occur when 
noise imitates a machine station ack4o wl ® d 9T ement and 
thus prevents the probe station feom 're- transmitting 
the message. However the probe Station 1 is . only 

2 0 vulnerable to this error when it is waiting for an 

« • * 

acknowledgement which doesn't come* . > •] 



i* * 
I. r. 

* *y 
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The transmitted message contains; seVer^I 'different 
items of information, such as probe station address, 

25 probe status (i.e. seated or t rigger ^dfc , timestamp 

(i.e. time of probe trigger) and battery status. Borne 
of these items have high importance, J such, the probe 
station addre&a and the probe status!, % T£e ' times tamp 
has high importance if the probe status is' 1 triggered' 

30 but is otherwise not important. The batteyy- ptatus has 

low importance. * * ' • f ? 

, i 

\ 

* * , • >' * 

Hi order to optimise error protection &£ th'fc, 

transmission, the most important data bits 1 of the 
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message are encoded with a large hamming distance. 
This allows small numbers of hit" errors;' 'to. ±>e .corrected 
and larger numbers of bit errors' to be pepped. A 
higher hamming distance has the advantage* of 'allowing 
some error correction but has! the disadvantage that it 
increases transmission time. Less, irnportant 'data is 
provided with a lower degree of error protection, for 
example multiple bit error detection using -a cyclic 
redundancy check. 

i * * » ' ' 

For example, the probe station address prid .probe status 
data may be encoded with a hamming - distance of 6, which 
could allow l bit error correction and |4 kit error 
detection, the timestamp and' battery status may be 
encoded with a lower hamming distance 'of 4 which could 
provide 3 bit error detection'. ' . • , 

; ' ■ • ». • 

The information required during the- periodic • 
transmissions (probe station address .and probe status) 
thus has higher error protection than other information 
in the message. There are several- empty -'timeslots 
between each periodic transmission which are] available 
for re-transmissions if the transmission .fails. 
However, if all these timeslots are u*Sd ^up by 
unsuccessful re- transmissions, an error signal will be 
produced and the whole system will , stop 1 . .It -is 
therefore advantageous to have a high reliability 
periodic transmission, leaving the- empty 'timeslots ae a 

safety buffer, : » ' 

• . t 

In the event that the probe status, is <5 triggered' , the 
timescamp data becomes important.; This data has a 
lower hamming distance and will be retransmitted if an 
error is detected. . ' . * * ; 
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There may be, for example, about' 50 peripjiic ^ 
transmissions per second and about 'l trigger ;£er 
second- It is therefore more • impoft ant. tp avoid re- 
transmissions on the periodic • hranamiss,ion .than the 
trigger signal. : 



■ v i V 

i * 9 



ii 



The system of using longer hamming distance .codes for 
the more important data has the advantage that it 
reduces the number of retranst^ssiqns\re^^ for the 

10 periodic transmissions- As the i'ower .p;ripri4y data is 
given lower hamming distance code^; the .transmission 
time is reduced. The radio traffic apA battery li£e are 
thus also reduced- 1 # i j w ?, 
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